DNA repair endonuclease activity during synchronous growth of diploid human fibroblasts.
DNA-repair endonuclease activity in response to UV-induced DNA damage was quantified in diploid human fibroblasts after synchronizing cell cultures to selected stages of the cell cycle. Incubation of irradiated cells with aphidicolin, an inhibitor of DNA polymerases alpha and delta, delayed the sealing of repair patches and allowed estimation of rates of strand incision by the repair endonuclease. The apparent Vmax for endonucleolytic incision and Km for substrate utilization were determined by Lineweaver-Burk and Eadie-Hofstee analyses. For cells passing through G1, S or G2, Vmax for reparative incision was, respectively, 7.6, 8.4 and 8.4 breaks/10(10) Da per min, suggesting that there was little variation in incision activity during these cell-cycle phases. The Km values of 2.4-3.1 J/m2 for these cells indicate that the nucleotidyl DNA excision-repair pathway operates with maximal effectiveness after low fluences of UV that are in the shoulder region of survival curves. Fibroblasts in mitosis demonstrated a severe attenuation of reparative incision. Rates of incision were 11% of those seen in G2 cells. Disruption of nuclear structure during mitosis may reduce the effective concentration of endonuclease in the vicinity of damaged chromatin. The extreme condensation of chromatin during mitosis also may restrict the accessibility of reparative endonuclease to sites of DNA damage. Confluence-arrested fibroblasts in G0 expressed endonuclease activity with Vmax of 5.5 breaks/10(10) Da per min and a Km of 5.5 J/m2. The greater condensation of chromatin in quiescent cells may restrict the accessibility of endonuclease to dimers and so explain the elevated Km. When fibroblasts were synchronized by serum-deprivation, little variation in reparative endonuclease activity was discerned as released cells transited from early G1 through late G1 and early S. Proliferating fibroblasts in G1 were shown to express comparatively high numbers of reparative incision events in the absence of aphidicolin which was normally used to inhibit DNA polymerases and hold repair patches open. It was calculated that in G0, S and G2 phase cells, single-strand breaks at sites of repair remained open for 30, 19 and 14 sec, respectively. In G1 phase cells, repair sites remained open for 126 sec. Addition of deoxyribonucleosides to G1 cells reduced this time to 42 sec suggesting that the slower rate of synthesis and ligation of repair patches in G1 was due to a relative deficiency of deoxyribonucleotidyl precursors for DNA polymerase.(ABSTRACT TRUNCATED AT 400 WORDS)